Anaerobic ammonium oxidation (anammox) performing bacteria self-assemble into compact 26 biofilms by expressing extracellular polymeric substances (EPS). Anammox EPS are poorly 27 characterized, largely due to their low solubility in typical aqueous solvents. Pronase digestion 28 cationic exchange resin (CER) 23 , physical methods such as centrifugation, heating and 74 sonication or chemical methods by using organic solvents (detergents and ethanol), have been 75 made. However, to date no exopolymer has been isolated from the matrix of anammox biofilms, 76 which is a minimum requirement for subsequent biophysical and functional analysis. 77 While some metabolic proteins are conserved between anammox species (e.g. the c-type heme 78 proteins) 24 , it is unknown whether any extracellular proteins are similarly conserved. It has been 79 reported that surface layer (S-layer) proteins may be common to anammox biofilms as a 80 structural component of the cell. For example, KUSTD1514 forms a shell on the outside of the 81 cell envelope of Ca. Kuenenia stuttgartsiensis 25 , while a homologous S-layer protein is a major 82 EPS constituent of Ca. Brocadia-enriched granular biofilm and hypothesized to also contribute 83 to biofilm matrix structure (i.e. following shedding) 26 . S-layer proteins could be important to 84 biofilm formation more broadly 27 . Describing a function for S-layer proteins in biofilm 85
Briefly, overnight PAO1 WT planktonic cell pellet was resuspended in 2.25 mL of STET buffer 156 (10 mM Tris-HCl, pH 8 with 0.1 M NaCl, 1 mM EDTA, and 5% (w/v) TRITON ® X-100) 157 followed by the addition of 258 µL, 10 mg/mL lysozyme (Sigma-Aldrich) in lysozyme solution 158 (10 mM Tris-HCl, pH 8). The mixture was vortexed and incubated in 37°C for 3 hours followed 159 by probe sonication (SM Vibracell CVX750 Probe Ultrasonicator) at 3s interval for 12 min. 160 The lysate pellet was then freeze dried for NMR analysis. 200 and 170 kDa bands were excised from the SDS-PAGE gel and subjected to reduction, 194 alkylation and in-gel tryptic digestion as described by Shevchenko et al. 31 . Following digestion, 195 the peptides were eluted with 1:1 (v/v) water/acetonitrile (ACN) solution with 0.2% (v/v) TFA 196 into a microtiter receiver plate by vacuum and then concentrated by vacuum centrifugation 197 (miVac, SP Scientific). Two rabbits were inoculated with polypeptide sequence cys-DIREITGVASDR, representing 209 amino acid sequence 742-753 of BROSI_A1236 and identified to be an exposed region of the 210 protein 33 , in a three-month immunization protocol consisting of four injections on days 0, 30, 211 50 and 80 (SABio, Singapore). The serum was collected and affinity purified from rabbit 212 antiserum. Total IgG fractions (crude serum) of one rabbit were used as primary anti-213 BROSI_A1236 antibody. Refer to Figure S1 for Dot Blot analysis of the rabbit sera binding to 214 the BROSI_A1236 polypeptide. 
228
X-ray film (CARESTREAM Medical X-ray Green/MXG Film) was exposed to the blot in the 229 cassette from 2 s to 10 min, depending on the intensity of the signal. The film was then inserted 230 into an auto processor provided by Abnova for film development. Protein extraction was performed as previously described 34 . Briefly, lyophilized anammox 244 granules were resuspended in extraction buffer and cells were lysed by bead beading. Cell 245 debris was removed, and extracted proteins were precipitated overnight using trichloroacetic 246 acid (TCA). Pellets were washed three times in 100% ice-cold acetone, dried, and resuspended 247 in 100 mM HEPES (pH 7.5). Protein concentration for each sample was estimated in a single 248 technical replicate using the Qubit Protein Assay Kit (Invitrogen) and the Qubit 3.0 Fluorometer 249 (Invitrogen).
250
Protein samples were then subjected to preparative denaturing SDS-PAGE (refer to Supporting 251 Information). Gels were Coomassie-stained (Bio-Safe Coomassie Stain, Bio-Rad) and the 252 protein bands (1 x 1 x 0.08 cm) excised and subjected to reduction, alkylation and in-gel tryptic 253 digestion, as described elsewhere 31 . Following digestion, peptides were recovered, dried and 254 reconstituted in 5% formic acid prior to desalting and clean-up using StageTips 35, 36 prepared 255 as previously described 37 with the modification that an additional layer of PorosOligo R2 256 material (Applied Biosystems, Foster City, CA, USA) was added on top of the PorosOligo R3 257 material. Following purification, peptides were eluted using 66% (v/v) ACN, dried using 258 vacuum centrifugation and reconstituted in 0.1% (v/v) TFA/2% (v/v) ACN solution.
259
Peptides were subsequently analyzed by ultra-high-performance liquid chromatography 260 (UHPLC) using an Easy-nLC1200 (Thermo Scientific) online system coupled to a Q Exactive 261 High Field mass spectrometer (Thermo Scientific) (refer to Supporting Information for 262 complete details). Raw data from the Q Exactive High Field were analyzed using MaxQuant v. 263 1.6.3.4. Each experiment was defined as its own parameter group. The label-free quantification 264 (LFQ) and the intensity based absolute quantification (iBAQ) features were enabled, and LFQ 265 was separated in parameter groups. Oxidation of methionine was set as a variable modification, 266 and carbamidomethylation of cysteine was set as a fixed modification. The 'match between 267 runs' feature was selected, while all other settings were left as default.
268
The raw data were searched against an inhouse-generated database containing the open reading 269 frames from Ca. Brocadia bins recovered from metagenomics assembly of the Ca. Brocadia 
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The heteronuclear single quantum coherence (HSQC) NMR spectrum of acid-digested 307 anammox granule EPS (IL-EPS) ( Figure 2B) shows that some polysaccharides were present 308 along with proteins. This is illustrated by HSQC cross peaks at (δH, δC) of (4.8-5.3, 92.4-95.5), 309 consistent with the anomeric region of polysaccharides 41 (δH and δC are the 1 H and 13 C chemical 310 shifts in ppm respectively). It is therefore possible that polysaccharides not targeted by α-or β-311 amylase co-exist with structural proteins (i.e. not α-or β-glycans such as granulan or alginate-312 like exopolysaccharides) 42 Ionic liquid-based EPS extraction 319 We therefore aimed to extract structural proteins from the Ca. B. sinica-enriched granules, and Ionic liquids are known to kill cells, which is believed to be due to osmotic shocking of cell 340 membranes 46 . Live-dead stain of the anammox biofilms indicated both live and dead cells, even 341 in the non-treated component ( Figure 3A) . Relative to the control, EMIM-Ac/DMAc treatment 342 disrupted aggregate organization such that clusters of dead cells dominated and were less evenly 343 distributed ( Figure 3B ). Nonetheless, there were also live and dead cells and the loss of order 344 in how the cells are arranged could indicate that the EPS has been extracted.
345
Planctomycetes are Gram-negative bacteria with an outer membrane that contains eukaryotic- Figure 4A Lane 3) . The AEC purified high MW proteins (EPI) also 394 stained positive for periodic acid-Schiff (PAS) stain ( Figure 4A Lane 4) , indicating that the 395 high MW protein doublet is glycosylated (i.e. glycoproteins) 48 . Gel permeation chromatography 396 further confirmed the purity of the AEC purified protein where the sample was separated into 397 two major peaks across the high MW range (••• EPI F6, Figure 4B ). to almost 40% abundance. It is likely, however, that the true abundance of BROSI_A1236 436 following EMIM-Ac/DMAc extraction was even higher given that mass spectrometry 437 underestimates glycoprotein content due to inhibition of trypsin digestion by the sugars 51 .
438
Hence, EMIM-Ac/DMAc extraction followed by ethanol recovery leads to a high enrichment 439 of a putative S-layer glycoprotein from the extracellular matrix of the anammox granules. in the biofilm predominately attached to proteins rather than as free polysaccharides.
482
While S-layers have been postulated to promote biofilm formation, as for Tannerella forsythia, 483 the mechanism by which they achieve this is unknown. S-layers may appear as crystalline 484 structures in the matrix as a result of cell-surface shedding 26 . However, it is not clear how 485 crystalline structures might support biofilm formation. The means to extract and subsequently 486 S-layer glycoproteins from biofilm matrices, as described here, will enable methods to be 487 applied to describe the mechanism by which they contribute to the growth of other biofilms.
488
Interestingly, part of the ethanol recovered IL-soluble fraction (IL-S) also formed a gel (IL-489 GEL) during dialysis. It is therefore possible that, in addition to performing role as a S-layer 490 protein, Brosi_A1236 could also contribute to biofilm formation by undergoing phase 491 separation to a gel. One possible mechanism by which the putative S-layer protein contributes 492 to anammox biofilm could therefore be that it mediates phase separation of the matrix into gels.
493
This could further inform the role of S-layer protein in anammox biofilms, but possibly in 494 biofilms more broadly.
496
To date, the only reported method of S-layer protein extraction from anammox biofilms was 497 physical extraction by means of Potter homogenizer, which is known to disrupt cells 25 .
498
Chaotropes such as lithium chloride (LiCl) 54 or guanidine hydrochloride (GnHCl) 55 are 499 typically used in S-layer protein extractions. LiCl is believed to solubilize S-layer proteins in Similarly, the means to solubilize EPS enables a range of approaches to be applied for assigning 519 function, not least of all accurate quantification, but also immunofluorescence microscopy 58 , 520 single molecular structural (e.g. circular dichroism) 59 and biophysical (e.g. optical tweezing) 60 521 analyses. Global quantitative profiling of anammox EPS components has also been applied 522 widely to correlate EPS with certain process parameters, such as salinity resistance 61 , settling 523 performance 62 and preservation techniques 63 . However, most studies assume that the key EPS 524 are solubilized, which is challenging for the notoriously recalcitrant anammox EPS. Thus, 525 isolating, non-destructively, extracellular polymers from the biofilm will lead to an improved 526 understanding of their function in the anammox biofilm. We illustrate with this study a non-destructive means to extract extracellular polymers from 529 anammox granules. Additionally, this allows for the subsequent isolation of an S-layer 530 glycoprotein, by anion exchange chromatography, which will enable more detailed structural 531 and functional characterization of a putative S-layer protein from a complex, ecologically and 532 industrially important biofilm.
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